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The invention relates to trie generat.cn of hybridomas and to the production and characteraat.cn of the 

Tn'^T? S r i,iC ™ nM aitib0dieS (MAM) '° r P~""«"y«*'- «»** could have different applica- 
wlh S ! I" 9 prcphylactic ** «»«PM«- Also the invention concerns amino acid sequences 

which comprise at least part of a cell-Binding moct. ^ 

" ^n™ 6 ,n 7 nBOn a ' S0 ,8teteS 10 8 meth0d 0< deteCti0n * a c y ,ol >' sln - has P"*** application In the 
diagnosis ol pneumococcal infections. 

Background of the invention 

ro A major cause of morbidity and mortality ,n rumens is a group of pathogens wh.ch include the 

SnS^T, <S 7'Tn J r^ 0 "'^ " WBh CaU5eS Varf0US invasive dise »« «* « « Id 
otts media as well as the life-threatenino diseases pneumonia, meningitis and bacteremia The current 

to pen all. n and other antm.crob.al agents is prevalent. Studies have suggested that in developing cowl" 

' 5 XTpnt™ ^ ^ " ,iVS * ~* *" P ~ ia " «* *- 

tne ZT^Z ^T 000 " 8 MPSU ' 6 iS imp0rtant Virulence ,ac,or ' sav9ral P roteins « decorated by 
Sn« nnT? ™, ' mP °" am m ° p3tho S 6l19Sis <* pneumococcal d,sease. one such proton 

Ce.ng pneumolysm. rneumolysln belongs to the thlol-actJvated family of cytolyelns produced bv Z 

and ^2 ! r^^^i 9 01 pnou ™ COCCEl (Paton. J.C. Andrew, p.*., bc5i.SE 

and Mitchell, T.J. 1993. -Molecular analysts of tnc pathogenicity of Streptococcus pneumoniae The rotoS 
pneumococcal proteins-. Annu. Rev. Microbiol.47 89-1 15) 

» ind^'^Sf* °L pneum ° ,ysin and 0,he ' (°P cit) have revealed various sequences 

» including a cysteine motif common to all thioi-activateG toxins so far sequenced and variouV critical 

7aZ 2? CVSte " 1 V 3t " " CVS Trp 433 - Q,U 434 and 435 P--oi - as 2 
Jnl t inpn9w1 ? C>,ys,n such as His 367 ^ d 385. wh.ch substitution can have a dramatic 
effect upon the ectvrty of the toxin Although various functional domains ,n pneumorysin ha , e \Z 

hwnnv f 133 " 03 ' 5 °' !* pneumo5C€cal i"' 6 *" 0 " ^ies on the isolation of the preumococcus from 

biological specimens, but this has two important limitations: eumococcus irom 

- the auto-lysis of the bacterium (spontaneous or induced by antibiotics) and 

- the uravoWable slowness involved on its growth and identification in viutr OS hours 
Furthermore, serological diagnosis is necessarily stow since a time interval tong enough is required for 

producing a,, immune response, and pairs of time-epaced serum sample are also required 

™JU „ " k 01 ° bVeti !! 9 ,heS6 0rswbaclcs ' ™ ra specific and faster alternate diagnostic 

C^diSn, ar! ST r rC H £d I" 6 MS Whfch POten,l ^ and ^"^ousry meet today^ 
ana tons are those based on the rapid detection of bacterium components in both Ixdy flids and 
.nfect.cn sources where the pneumococcus is pathoge.-ica.ly present Among these method are Z 
eTlT! ^ different types: counter-immunoelectroprcresis. agluttination and/o^^ L Td 
Sn der A M '"^"^ ™SA* The w is subs.anf,^ the most sensi.rvl (Hotl ol v.T 
Snuder. JAM. and Boersma. W.G. 1993. "Demonstration of circulating pneumococcal immunoglobulin G 
-mmune complexes in patients with community^ red pneumoniaby means of J "e™ tied 
.mmunosorbent assa/". J. Clin. Microbiol. 31: 3247-3254) ^ k9d 

H-vS 00 ' he .L flPiW a " d d *? n ° 8tiC teslS ef,eCti ^ ,or ■""""WW" o* e r cytclysins are extremely 
des.rab.e as they may significantly reduce the impact of pneumococcal disease IX, theraoS or 

could be used individually or in combination with onc-a-wthor or with other agents 

«««r£ h •! de$C J beS dia9noslic or the ^«tic agents attached lo two or more different antibody 
spec es wh,ch are reactive wrth different epitopes on the target cells but which have n^iipX 
patteme of cross-reacfivity. These agents may be attached to menoc.onai arrfibodies wn.ch bind £23 

nJ^*!™ d9SC ' i0eS C °" ,in9s produce ""onocionai antibod.es capable of bindino to human 
cacnectin epitopes with enhsncsd neutralization capability m vivo 

WO-A-90/U6951 Oescrlbes a pneumococcal vaccine obtained from an altered pneumolysln by reason of 

rep lie 13 IZIT Wh ' Ch 3,50 ran b8 0te,ned *"» a rJ m m^Z^Z^ g l 

replicon and a DNA sequence encoding the altered prieumolysin 
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Summary of the invention 
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A reliable and highly specific antigen dlagnos s of the pneumococcus should Ideally be based on a 
component which: 

• Is present In all the Isolated strains; 

• Does not exhibit antigenic diversity and/or variability, and 

- Has exclusive epitopes, not shared (absence of cross-reactivity) with antigenic components of other 
bacteria. 

The immunoassays of the state of the an concern the identification of capsular polysaccharides or the 
C-polysaccharide of the cell well, but none of these meets the required criteria. 
By contrast, pneumofysin: 

• 'Has been found in ail the studied isolations of the pneumococcus; 

• The oene encoring pneumofysin exhibits very reduced sequence variability; and 
Has own epitooes, not shared with other members of the family of bacteria! toxins with which it keeps 
a high gene end ammo acid sequence homology, such as streptolysin 0. 

Streptolysin 0 (SLO), produced by Streptococcus pyogenes, has some immunological resemblance 
mth pneumoiysin (PLY) It is aJso known that PLY shares wrth human C reaebve protein (huCRP) two short 
regions in its sequence of amino acids. 

The generation of monoclonal antibodies {MAbs) specific to PLY has a triple Interest 

- From the point of view of basic research MAbs are deemed highly important biolcgcal tools to deep 
m the molecular characterization of the toxin and its structure-function relationships 

- Specific MAbs for exclusive cprtopes of Ply could be used as dlagnostk: reagents of pneumococcal 
infections, in EUSA-type or immunobiottng assays, applied to biological samples from patients 
Exclusive specificity of the said MAbs cojid mainly avoid risk of misdagnosis from potential 
confusion with SLO. 

- Pneumoiysin and some pneumolysoids have been shown to confer protection nducing capability 
against experimental pneumococcal infections. Therefore, specific MAbs for certain functions' do- 
mams of the toxin could be equally protectve erd have, consequently, potential therapeutic applica- 
tions in tneir original, derivative or modified forms thereof. 

An object of the invention is the generation of hybridorn&s and the production and characterization of 
the corresponding monoclonal antibodies specific to pneumoVsin, which could be used with several 
purposes, including diagnostic, prophylactic and therapeutic uses. 

Also the invention icentifies amino acid sequences required for cell-binding and cytolysis 
Another object of the invention is the detection of a cytoiysin (pneumoiysin) psrt-cuiarly « biological 
samples from patients, with the aim of pneumococcal infection diagnosis, by means of enzyme immunoas- 
says with specific monoclonal antibodies. Th»» antibodies do noi recognise SLO or huCRP under assay 
conditions. The diagnosis method af the invention shows absolute specificity, and it is ramd and very 
sensitive. r ' 

According to the invention there is provided a po'ypaptide for use as the whole or part of a cell-binding 
motif, isolated and purified from natura and'br syn:hesised. comprising the amino acid sequence DKXE 
where X is any amino acid. 

n^,^°,,!«f e !l." b ' ndiri0 m0tif mav ^ ol ' at l8asl - any 01 ,he Mlowmg ammo acids. 3KXEXX, XDKXEXX 
DKIfc, DKIESF. GDKIcSF or EDKVEND. 

Also, the cell-binding motif may be a cytoiysin cell-binding motif. The cytoiysin may be another thiol- 
activated town such as perfringolysin 0. 

Any one of the preceding polypeptides or a derivative thereof may comprise part of e therapeutic or 
diagnostic composrtion in combination with o phermeceutically acceptable carrier, diluent or excipient 

The derivative may comprise an antibody or a fragment or a derivative thereof specific to the 
polypeptide; the antibody may bo a monoclonal or polyclonal antibody. 

The composition may be used in conjunction with another agent or agents; the agent may comprise an 
antibody or capsular polysaccharide. 

Hence therapeutic or diagnostic compositions may be generated, based upon the isolated and purified 
ammo ac.d sequences of the present invention, and these compositions may be used to neutralise the 
cytolyfins produced by e.g. PLY and perfringolysin O (PFO). thus reducing the threat to life provided by 
eg. pneumonia. Tfese compositions may comprise monoclonal or polyclonal antibodies as previously 
described, or they may comprise e.g. an Immunogenic peptide according to the present Invention In 
conjunction with an antibiotic. Hence protection may be generated against both the cytoiysin produced by 
the pathogen as wefl as against the pathogen itself, thereby overcoming the proolems of the present 
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therapies. 

h, J 5 ^" bi ? d i?^° f Cyt ° lySinS i$ 3n ""P 0 * 3 "' ste P in ,he 'y sis of cells b V thi * of toxin, the cell- 
Undlng region of PLY was previously sought, in order to do -his a panel of MAbs was generated ^ the r 

^? ' 7 0, k t ' UnCateS 01 PLV Was 9 enelated «* *e reacts of .he antibodies with the m £ 
assayed. together with the cell-binding ability of the truncates creates 

Description of specific embodiments, figures anci tables of the invention 
to Antigens: 

Recombinant PLY was expressed in Escherichia coii and purified from cell •*<,«:<, ^ 
Antibody production: 

BALB/c mice were hyperimmune with recombinant pnennolysin. After applying different criteria of 
« SST' ybfWOmaS 01 $Pten0Cyt9S m0U86 nVel0ma SPM C6 ' te ™ S -^~ar 0 J 
Along the cloning and expansion process of secretor hybridomas, supemattits of the corresoondino 
culture* were assayed by Indirect ELISA against rcconbinant PLY corresponding 
Selected hybridomas were subclone* twice by limiting diWon. From me date of the second subclone 

ELISA e in S ^ SOtyPe - ° f ^ 9eneratad by 1,19 ^ bridomas » as ^termined by indirect 

» iSn;;si;; munoassay (ElA) piafes prepared * i,h ply and usino ■ »« i £> « 

The anfi-pneumolysin MAbs, here.nafter identfied es antlPLY-1, antiPLY-2 and antiPLY-3 were oartrllv 
charactered through diverse techniques. Their properties are shown in brief in Table ! * * 

i^rweTr a rn°^v?ss s <si9mai ° r ^ m ~ *». ^ a™*. > y - 

a> Mouse monoclonal 2-5B was used as a positive control for antibody reactivity with SLO. 
ELISA and irnmunobiotting tests: 

ELISA and irnmunobiotting assays were canto out by standard techniques. For ELISA assays tie 
Zn m , S> TV ^ h0rSe ' £diSh P6,0raase: 0p * Cal abso * anc ° « ~"S at S "rr 

?Z^S^ZZZ m " a * BCP and NBT (Boehnnoer Ma ™ h * m) 85 * bs,rate 

Al! tests were run ir. triplicate. 



45 



Estimations cf Mafa relative affinity: 

Relative affinity of the MAbs was assessed m triple analysis by E< ISA assays in whirh « h^^m 

« SK. 0 ' MAb8 compotod botwoon 1 U9 *°" of plsto — PLY and 0 J iJ 

Inhibition of haemolyttc activity: 

as PLv^Ve^t^ StaMdard U - b0 "°™ d Hemolytic activity of 

t.ton -« T a$S f SSed ""mediately before the neutralization test. The end point ot tnis assav was 

wttn 1% of owine serum abumln and 0..% of sodium a^We (PBS-BSA-AS). P H Trcwrespondlnc to twhe 
«! end point, was prepared. For the neutia.ization tes*. 25 u, o, setia. wo-fold iTo, Sbs 
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added across 12 wells. The first well cortajned 1 u 3 ol MAb. 2S m of stock toxin (equivalent to 1 
haemolytic unit) were added to each well and .ncubated at 37- C for 30 min. 50 Ul of 1 6% sheep red 
blood cells In PBS were adaed and inobated at 37 • c for 30 mm. The tltre of the antibody was taken as 
the highest dilution of MAb which completely inhibited haemolysis. All tests were done in triplicate. 

Cross-inhibition ELtSA tests 

MAbs were allocated to various complementation groups on the basis of cross-inhibition ELISA studies 
MAbs were biotmylaled according to standard procedures and titred aoainst PLY 
10 EIA plates were coated with PLY (1 ug/well), and blocked with BSA. 100 ol of t/10 serial d.fut.ons c( 
mh.bitor MAb. starting at 10 ug.Svell. were added ard incubated at 37- C for 2 h Then 100 ul of 
fa«otmy!ated MAb were incubated for another 2 h period at 37- C. The binding to PLY of the labelled MAb 
was later estimated by incubation with horseradish peroxidase conjugated to atreptavidm (Pierce) at a 
dilution of 1/10.000 lor 2 h et 37 • C 
T5 All MAbs were challenged against each other both ways. 

Absorbances which were obtained corresponded :o those measured after subtraction of blank mean 
opt.cal density. For any given MAb. the inhibition positive-control was taken as the biotinylated antibody 
challenged by 10 ug of the same unlabelled prepared. Weils into which no inhibrtory aitbody was added 
were considered as Inhibition-negative controls; thus their mean optical density corresponds to 100% 
zo binding of the labelled MAP. The percentage inhibition afforded by any interfering MAb was calculated with 
reference to that absorbance. 

MAbs were considered to bind to the same region of PLY. and therefore to be members of the same 
complementation group, if the inhibition was more than 60%. 

2S Inhibition of binding of PLY to red blood ceils: 

To assay cel.'-cixing, dilutions of the toxin, from 260 to 3 ng.Ynl. were made in 1 5 ml of Hanks 
Buffered Saline (HBS) (GibcoBRL). 1 ug of MAb was edded and the tubes incubated at 37' C for t h end 
then cooled to 4- C when 15 ml of 2% sheep RBC a! 4- C were added. After a further incubation at 4- C 
for 30 mm the cells were washed 3 times in fee cold HBS. then lysed in water. The membranes were 
harvested and washed twice in water by centrrfugetion et 13,000 rpm in a microfuge and then resuspended 
m sodium oodecyl sulpha:e-polyacrylamide gel electrophoresis (SDS-PAGE) loading buffer SDS-PAGE was 
done, after which proteins were transferred to nitrocellulose membranes (Sartorius). The membranes were 
incubated in 5% (w/v) skimmed mHk powder ,n PES <or 60 minutes, washed in PBS and incubated with 
Hi 000 di'ut.on ol rabbit anti-pneumolysin antiserum in PBS for 40 minutes. The membranes were washed 
^abated lor 60 minutes in 1/2000 goat anti-rabbii antiserum (Sigma) and then extensively washed in PBS~ 
The proteins recognized by the anii.pne u mo: ys ,n antiserum were visualised using Enhanced 
ChemiLummescence reagents (Amersham) following Ihe manufacturer's Instructions. 

A series of truncated versions ot PLY were made, in wnich varying numbers of amino acids were 
deleted from the C-terminal. and the cell-binding and haemolytic activ.ties of the truncates were assayed 
The polymerase chain reaction was used to gene-ate ihe truncates using a cloned PLY gene template 

a( ^c^L M ^ pr0duCB th6 r8quired ****** Amplification products were cloned into vector 
PUEXZT (Pharmacia) before transformation into Escherichia coli strain JM101. Use of pGEX2T produced 

which consisted of lhe PLY trun ««e Wn* to C-terminal of gLtathione-S-transferase 
(GST) o. Schistosoma ,aoon,cum. The proteins were separated by proteolytic cleavage with thrombin and 
punflcaton cf fusion protein from a crude cell-fyeate was achieved by affinity chromatography on 
glutathione-sepharose beads. Recombinant PLY expressed as a free protein was also produced. 

Coil-binding essay: 

Dilutions of the truncates, from 260 to 3 ng,mi, were made in 3 ml of Hanks buffered salts solution 
(HBSS) containing 0.2% (Wv) sheep erythrocytes and incubated in an ice-water bath for 30 minutes A 
negative control of the truncate without erythrocytes was included in each experiment. The cells were 
washed three tunes in ,ce-cold HBSS, then lysed in water. The membranes were harvested and washed 
twice in water by conjugation at 13,000 rpm In a microfuge and then resuspended In SDS-PAGE loading 
M.er. SDS-PAGE was done, after which proteins were transferred to nitrocellulose membranes The 
membranes were Incubated In 5% (w/v) skimmed milk powder In PBS for 60 minutes, washed In PBS and 
incubated with rabbit ant,-PLY anhserum. diluted 1/1000 in PBS. for 40 minutes. The membranes were 
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?ZJ T r9C09naed by *«t™ m W> antiserum were visualised using EnhancVa 
Chem Luminescence reagents (Amershatn) tollowlng the manufacturer's .nstructions The resuls ^e 
quantified using an LKB Ultrascsn XL densitometer. 8 9 

Haemcdyitic essay: 

snl JZ h5 f m0,¥,i , C aC l iV " y 01 L Pr ° teinS WaS as fali0W5 Serial, two-fold dilutions of 50 ul of the 

soluhon la be analysed were made in PBS in a microlit.e plate. 50 ul ol 15% (v/v) sheep ervHuo^ltes in 
PBS was added to each well. The piate was incubated a, 37- C for 30 minutes. L ?£S^S^ 
denned » "» cf the dH-jfion of 50 ul of tre sample protein that caused 50% haerTolyl To 

dererm.ne the nhbitary effect of anti-PLY antiserum. 50 ul of toxin were incubated wth 50 J „ M 
enfserum et 37' C for X minutes, before be.no assayed for haamolytic activity. 

?s Reaction of MAbs with truncated versions ot PLY: 

tnJ. ',^ a ! 6 re9i ° nS ° f ,h9 PLY mM6 ""A*** * ^""J MAbs such antibodies were te=ted for 
e, ao-nty to recogntsetrie PLY truncates. The extracts were subjected to SDS-PAGE fcSow? t> HtZ 
blotting as described above for the binding experiments, mads were then tested fo^eir abTv to 
pS r "o,. trUnCa,eS "** *** PLY n ° l8CUte °~ d in - fc - of GSTtLri a 

Results 

" suo^fZjli I 3 " 9 1 ' r93Ct Witft PLY ' n ELISA and * immunottoWno. what 

suggests that all three recogn,ze continuous epitopes in the toxm molecule. Under similar exoer rnerS 
c«m*m. the three ,xw a comparable degree of reacts * immunoblotarg, ^k ^^SSi 

HoweveT 11*1 n*T W t S J£ EL ' SA - AnfiPLY - 3 WeaWy rec °9 nises w » toxi " i" immunoblotting. 
nSl! ' . f rt6d '° m0f6 dr8StiC *™ , "«<'«fl conditions (heating to 100- C for 30 

^zs^s^r indica,es ** MAb reco9n - - ^ e *<°- 

Furthermore, the three MAbs block the haemolytic activity of PLY, also exhibiting different capability 
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TABLE 1 



Cnaracteristics of the anti-pneumorysh monoclonal antibodies (a) 



Reactivity with 



PLY 



SLO 



Neutralizing capability 
(ng of monoclonal) 



Monudonal (a) 



ELISA 



IB 



ELISA 



IB 



HU of PLY (b) 



JO 



75 



20 



antlPLY-i 
antiPLY-2 
antiPLY-3 
Control 



3* 
3* 
3* 



31 2 

SO.5 
1 



45 



60 



a; All they are murine monoclonals JgG1, kappa 
PLY; Pneumolysis 
SLO; Streptolysin 0. 

ELISA: 1 ug^we'l of anligen and 50 ng of monoclonal. 

Control was a monoclonal of the same subisotype without reactivity for PLY. 

IB: Immunoblolting developed with 500 rig of antigen ard 5 ug of monoclonal. 

b: 1 HU (hacmo-ytlc unit) is defined as the amount ol town required to lysc 50% of the tested 

erythrocytes. 

No colour development. Optica! absorbances were measured after subtraction of blank mean ootica' 
densities. 

Absoroance values from 0.01 to 0.60 were quantified onto a 1-10 range level matrix. 
=: Weak colour development. 
3 + : Strong colour development. 
I ug of monoclonal has no neutralizing capabilty. 



antiPLY-2 and antiFLY-3 were 4.5X10' 11 M, 4.7x10-'° M and 



Relative affinities of the MAbs antiPLY-1. 
8.5x10 -, ° M, respectively. 

Figure 1 is a diagram showing the results ol the cross-inhibition ELISA tests as reaction percentages 
obtained through the application of the previously described criteria. 

On top of each digram it is indicated the biotil/nated MAb challenged by the MAbs mentioned ai the 
left. As represented, each assayerj MAD belongs to a specific complementation group since no inhibition 
was observed among them; the percentages observed wers always higher than 50%. This means that said 
three MAbs recognize cistinct epitopes in the PLY molecule. It should be aJso observed that antiPLY-1 has 
a strong positive modulation over the subsequent interaction of antiPLY-3 with PLY (note a far larger scale 
for diagram of antiPLY-3); a reciprocal effect was net observed. 

A second evidence of the fact that said three MAbs recognize different eoitoaes in the PLY molecule 
was obtained from sandwich ELISA teste by capture of free PLY. Each one was used as first capture MAb 
and assayed w.th the btotifynated form, as a reporter, of any of the other two MAbs. Assays carried out in 
triplicate were always positive, as expected. Controls with a capture MAb of irrelevant specificity for PLY 
were negative. 

Aliquols of the murine hybridomas producing the monoclonal antibodies antiPLY-1. antiPLY-2 and 
ant.PLY-3 have been deposited on 27th January 1994 with the International Deposrtary Authority, Collection 
Nationalo do Cultures do Microorganismos institut Pastour (CNCM), 2S ruo du Doctour Roux, F-75724 Paris 
Cedex 15. receiving Accession Numbers M364, 1-1385 and M3B6 respectively. 

In summary, tharo have been obtained three murine hybrkJomas producing three different MAbs which 

- have distinct affinity tor PLY; 

• recognize different epitopes in the PLY molecule; 

- have proved useful in sandwich ELISA tests tor the immunodetection of PLY in oiologica! samples. 

- have neulrall2lng capability of the haemolytic activity In vitro of PLY 

Experiments with the truncates showed that the cell-binding of PLY 1-485 (missing the six carboxy- 
termmal amino acids) was greatly reduced (Tabla 2), as was its haemolytic activity, indicating that the six 
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carboxy.t6rm.nal amino aads form at least part ol a ceB-bindng motif. The binding of the antbodies to the 
truncates (TaMe 3) snowed that antiPLY-3 only reacts weakly with the truncate lacking the C-ierminai six 
amino sclds, suggesting that it recognises an epitope on the extreme C-termlnal of PLY 

Preincubation of PLY with antJPLY-3 prior to adding the mixture to sheep erythrocytes (Taoie 3) 
neutralised the ability ol PLY to bind the shesp erythrocytes. 

Hence aniiPLY-3 recognises ar. epitope on the extreme Criminal of PLY and neutralises its haemolytic 
and cell-b,nding activities. Pre-incubation of PLY with antiPLY-3 inhibits the cell-bindmg activity of PLY 
Therefore the epitope recognised by antiPLY-3 appears to comprise at least part ol a cell -binding motif 

This ,s conu.med by a recombinanl pneumolysis fusior. protei.. with the six carbon-terminal amino 
acids deleted having sign.ficantly reduced cell-binding and haemclytic aetivifies. 

The seven C-termina! amino acids of PLY are EDKVEND. five of which are charged. Further expsri- 
orrf • *:* , . anot B h ^ i c >^y sir1 - Parfnnoolysin 0 (PFO). show thai antiPLY-3 recognises a [near epitope on 
PFO. inh.bmng PFO 3 cell-birxfinfl ability. PFO has e similar sequence (GDKIESF), the consensus sequence 
between the two being DKXE, it appearing tnat the cell-binding motif of these cylolysiro comprises at least 

t^ss^uV^ DKXEXx or Thus ,he ° «»— ™* - 

Throughout this document peptides are identified using a single letter to represent each separate amino 
acid. Each letter is the conventional single letter symbol used for amino acids. 

Table 2 



I . 

Cell-binding and haemolytic activity of recombinant PLY 


Portion of moiecule , Binding Activity 
(recomoinant fusion construct unless otherwise stated) ! 


Haemolytic Activity 


1-471 (recombinant PLY) JOO 

W 100 
I -46 5 ] 2 

I-450 ' 0 

1-441 i Q 


100 
100 

0.2 

0 

0 



Numbers for portion of recombinant molecule represent the a^ino acid residues from native PLY 
present in the truncate. 

ifi Binding activity and haemoiytic activity are represented as a percentage of the adivfty of the full lenqth 

construe I. y 

Table 3 



Reaction of monoc 
truncates of PLY a n< 


lona antibodies aoility to neutralise PLY's haemolytic activity, ability to bind to 
S to PFO, and ability to inhibit ceM-binding of PLY pre-incubatod with monoclonal 
anttccdy. 


Antibody 


[Neutralizing 
ability 


Amino acid number 


Perfringolysin 
OPFO 


Cell 
binding 


1-263 


1-413 


1-430 


1-441 


1-450 ! 1-465 


1-471 


PLY-2 
PLY-3 
PLY-1 
Poly 


4 + 4 
4 

4 4 4 


4 


4 

± 
4 


4 

4 

-*■ 


4 

4 
4 


* i * 

+ i 4 

4 I 4 


4 
4 
4 
4 


4 
4 

4 


4 



40 



45 



£0 



EUstteM^ZfZ Sf» t0 8 T 06 <0r d8,eC,i0r 0< 8 Cyt0,ySir in bio,O0iMl ^P' 98 b * a 8and " ich 

ss tLliA test * comprising th& following steps: 

preparation of enzyme immunoassay plates with irsi capture monoclonal antibodyfies) 
• addition ot the biological sample to be assayed. 

- addition of second antibodies) as reportor(s), and 

- development of a reaction quantifiable by colour-measuring. 
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Compared with the state of the art. the detecton oi pneumoiysin applied to the diagnosis of 
pneumococcal diseases c cytolysm involved (cytoiytin) infections, is. 
• Very tast since Ir can be developed in less than 7 hours 

- Highly specific for the pneumococcus m such a way which excludes potential contusion with other 
6 microorganisms, and 

■ Highly sensitive since PLY is detected in quantities of picograrns. 
A practical embodiment of the method of the invention will he describad. 

Flat-buttomed 98-weil polysterene EIA plctes (Costar) are coated with 1 ag "100ol-well of solution cf the 
lirst capture antibody in carbonate-bicarbonate buffer [005 M. pH 9.6). Plates are incubated al 37* C fur e 
jo hours. 

Then the wells are sucked and refilled with 2C0 ul of a bovine serum albumin solution (1% wv) in 
phosphate buffer 10 mM, with 0.1% of sodium azide (solution PBS-BSA-AS, pH 7.3) 

Plates are incubated at 37 • C for 1 hour and then cooled, a 4 * C, lor at least 12 hours. 

Once prepared, plates are washed 3 times with phosphate buffer added with 0.01% Tween 20 (PES T). 
?5 Then 100 ul'well of biological samples are added and incubated at 37 • C for 2 hours. 

As positive anligen control a first series of wells is incubated with different concentrations of recom- 
binant PLY; as negative contro! a second series is incubated with 8LO. A third series without any antigen 
and retted with PBS-BSArAS, is used as blank for final measurement of optical density. 

Plates are washed egaln three times. 

so Then 100 ul/well of the second biotiiynated MAb in PBS-BSA-AS are added. Plates are incubated for 2 
h at 37 • C. 

After washing the plates, wells arc then rcfUcd wrth 100 ul of lmmunoPurc< R > horseradish peroxidase 
conjugated streptavidin (Pierce), dilution 1 :1 0,000 in PBS-BSA-T. Incubation at 37- C for two hcurs. 

After corresponding washings, wells are incubated with 100 u\ cf solution substrata OPD (Sigma) and 
as hydrogen peroxide in citrats-phosphate buffer. pH 5.0, at 37 • O for 30 minutes in the dark. 

Finally, optica! absorbance per well is read at 492 nn (620 nm of reference) on a ELISA plate reader. 
A test is considered as positive whenhavng an opticaJ absorbance at least double than the 
corresponding to wel:s without eny antigen (blanks). 

Carrying out accurately the above mentioned rnethoc the following recombinant PLY concentrations 
were tested: 200. iCO, 50, 26, 12.5 and 6.25 nginl. SLO (Sigma, $ 5265) and huCRP (ICN Biochemicals 
Cat. No. 1523 1 5) were tested at 10 ug/mi. 

No reactivity was observad with 1 ug of SLO o, huCRP. By contrast, quantities of S625 picograms 
(minimum amount lested) of pneumolysin were clearly detectable. 

Figure 2 is a diagram showing absorbance variation at 492 nm according to the cuantrty of pneumorys.n 
tested per well. 

Above data are referred to purified preparations of the implicated antigens. Tests were also negative 
when supematants of cultures in stationary phase (10* CFU ml") of S. pyogenes were analysed* ,n 
contrast, analogue culture derivatives of S. pneumoniae (10 s CFU ml" ■) were positive. 
The results obtained show: 

- That the proposes test can ba used fur the capture and detection of native pneumolys;n in biological 
samples of patients suffering pnaumccoccal infections. 

• That it is specific, since false positives manly arising from SLO and huCRP detection are excluded. 

- That detection of pneumolysin in a biological sample would be an unchallenged sign of the. present or 
prev-ous, presence of the pneumococcus. even if isolation of the pneumococcus were negative for 

<5 any reason. 

- That the test is highly sensitive, since it allows the detection cf pneumolyain in picogrem level 
Quantities. 
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Cleima 

1. A monoclonal antibody comprising the antiPLY-1 monoclonal antibody. 

2. The cell line designated CNCM Accession Number 1-1394 which produces the antiPLY-l monoclonal 
antibody according to claim 1. 

3. A monoclonal antibody comprising the antlPLY-2 monoclonal antibody. 
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4. The cgii line designated CNCM Accession Number I-1395 whicn produces the antiPLY-2 monoclonal 
antibody according to claim 3. 

5. A monoclonal antibody comprising the antiPLY-3 monoclonal antibody. 

s 

fl- The cell line designated CNCM Accession Number 1-1396 which produces the antiPLY-3 monoclonal 
antibody according to claim 5. 

7. A cell line generated totally or partially torn any one of the cell lines of claims 2, 4 ard 6. 

10 

a A therapeutic or diagnostic composrlion comprising any part or derivative of the cell lines of claims 2 4 
and 6. 

9. A therapeutic or diagnostic composition comprising an antibody, fragment or derivative thereof capable 
?5 of blocking the epitope recognised by the monoclonal antibodies of claims 1 , 3 end 5. 

10. A therapeutic or diagnostic composition comprising an antibody, fragment or derivative thereof of any 
one of claims 1 , 3 and 5 in combination with a pharmaceutical acceptable carrier, diluent or excipient. 

20 11. A composition according to claims 8, 9 and 10 capable of inhibiting the cytolytic properties of a 
cytoiysin. 

12. A composition according to claim 11 wherein the cytoiysin is pneumolysis 

36 13. A composition according to claim 1 1 v/harein the cytoiysin may be another thioi-actrvated toxin such as 
perfringolysin 0. 

14. The amino acid sequence of at least DKXE wherein X is any ammo acid, which comprises at least part 
of a cytoiysin binding motif. 

30 

15. The amine aod sequence DKIE according to tr-e precsding claim. 

16. The amino acid sequence according to claims 14 or 15 wherein it comprises at least part of a binding 
motif of perfringotysfn O. 

17. The amino acid sequence EDKVEND according ic claim 14. 

1fi. The amino acid sequence according to claim 17 wfereln It comprises at least pal of a binding motif of 
pneumolysis 

19. A therapeutic or diagnostic composition comprising the polypeptide of any one of trie preceding claims 
m combination with a pharmaceutical^ acceptable carrier, diluent or excipient. 

20. An antibody or a fragmenl or a derivative thereof specific to an eoitope of the amino acid sequence of 
45 any one of claims 14 to 18. 

21. An antibody accorcfing to claim 20 wherein it is a monoclonal, polyclonal or recombinant antibody. 

22. A method for dotoction of e cytoiysin in biological samples comprising at loaet tho following stops: 

so (a) preparation of enzyme immunoassay plates with caoture antibody(ies) specific to the cytoiysin, 

(b) addition of tne biological sample to be assayed, 
(c; addition ot reporter antiboayiiesj specific to the citolysin, and 
(d) development of a reaction quantifiable by measuring an optical density. 

£fi 23. A methoo for detection of a cytoiysin, based or, the use of monoclonal antibodies specific lor the 
cytoiysin in a sandwich ELISA test, comprising at least the following steps: 

(a) preparation o' enzyme Immunoassay plates with monoclonal antlbody(les) specific to tne 
cytoiysin, acting as capture antibody(ies), and 
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(b; addition of second monoclonal antibcdy(i9S) distinct from the capture monoclonal anttbody(ies), 
specific to the cytol/sin and used as reporter antibody(ies). 

24. A method for diagnosis ot infections after detection of the cytolysln In biological samples, according to 
5 claim 22. 

25. A method for diagnosis of infections after detection of the cytoiysin in biological samptes based on the 
use of monodonal antibodies specific to the cytoiysin in a sandwich ELISA test, according to claim 23. 
comprising at least the following steps: 

jo (a) preparation erf enzyme immunoassay plates with capture monoclonal antibody(ies) specific to the 

cytoiysin, 

(b) addition of the biological sample to be assayed, 

(c) use of sacotid antbody(ies) specific to the cytoiysin and distinct from the first one(s), as reporter 
antibody(ies). and 

is (d) development of a colour reaction quantifiable through the measurement of tne optical density. 

26. A method according to either one of claims 22 :o 24 wherein the cytoiysin is pneumolysis 

27. A method according to either one of claims 22 ro 24 wherein the cytoiysin Is perfringolysln 0. 

20 

28. A method according to either one of claims 24 arte 25 wherein the organism is a pneumococcus and 
the cytoiysin Is pneumolysis 

29. A method according io either one cf claims 24 and 25 wherein the organism is Clostridium 
25 perfnngens ard the cytoiysin is pertringoiysin 0. 
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